In the absence of a coord i n ating age n t , the Al(III) aqueous ch e m i s t ry is rather simple [1] as rep o rted in fi g u re 1A. A l u m i num salts in water produce acid solutions and they are rap i d ly hy d ro ly zed and eve n t u a l ly the situation is that pict u red in fi g u re 1A. When the pH value is less than 5, Al(III) is present as a hexaquo component [Al[H 2 O ) 6 3 + ] usua l ly rep resented as A l 3 + . Other metal species as A l ( O H ) 
In the absence of a coord i n ating age n t , the Al(III) aqueous ch e m i s t ry is rather simple [1] as rep o rted in fi g u re 1A. A l u m i num salts in water produce acid solutions and they are rap i d ly hy d ro ly zed and eve n t u a l ly the situation is that pict u red in fi g u re 1A. When the pH value is less than 5, Al(III) is present as a hexaquo component [Al[H 2 O ) 6 3 + ] usua l ly rep resented as A l 3 + . Other metal species as A l ( O H ) 2 + , A l ( O H ) 2 + and the insoluble A l ( O H ) 3 a re also present in solution. When the pH is moved to phy s i o l ogical va l u e s , A l ) [1] . All other Al(III) species will fo rm the insoluble A l ( O H ) 3 .
Al(III) in water in the presence of a coordinating agent

A l u m i num lactate as a " m e t a s t abl e " c o m p l ex
When a ligand is present in solution, the scenario descri b e d in fi g u re 1A is rather diffe rent and it appear to be more comp l i c ated in that nu m e rous hy d ro lytic species are copresent in solution. A l u m i num lactate [AlLac 3 ] (Fi g. 1 B ) is large ly util i zed in tox i c o l ogical ex p e ri m e n t ation in that it is ve ry solu ble in water (0.5 M) and ap p a re n t ly able to fo rm stabl e solution at autogenous pH around 3.5. Howeve r, A l L a c 3 i s not expected to exist in water at neutral pH. In fa c t , at phy si o l ogical pH A l L a c 3 is re l at ive ly stable at concentrations up to 10 -3 M. Dive rs e ly, b e l ow such concentration a " m e t a s t abl e " systems is fo rmed [Al
. IR m e a s u rements of A l L a c 3 at mmolar concentrat i o n s , d e m o ns t rate that the gre at majority of the ligand Lac -exists as a h ex a -a q u o -hy d roxo complex not coord i n ated to the liga n d. D ive rs e ly, at autogenous pH va l u e, Al(III) complex can surv ive (Data not show n ) . ( 1 0 -7 M) are also fo rmed [3] . In fi g u re 1 (D and E) is rep o rted the calculated domain stability for the " m e t a s t abl e " A l L a c 3 and the stable complex A l m a l t 3 as a funtion of the metal ion analytical concentration and the pH values. Th e t wo pictures are rather diffe rent for the two aluminum compounds in that the second complex , wh i ch is more hy d ro ly ti c a l ly stabl e, can better surv ive to the hy d ro ly s i s .
S t able complexes of A l ( I I I ) : A l u m i nu m -m a l t o l ate and A l u m i nu m -a c e t y l a c e t o n at e
Aluminum speciation and some biological effects speciation dependent
N ow we will rep o rt three para d i g m atic cases observed in our l ab o rat o ry that could cl a rify the connection between A l ( I I I ) s p e c i ation and biological effe c t s .
The erythrocytic model
R abbit is know as a sensitive animal to aluminum intox i c ation. Using rabbit ery t h ro cy t e s , as a tox i c o l ogical model, we h ave seen re l evant morp h o l ogical effects re l ated to the metal s p e c i ation. As it can be seen in the fi g u re 2 t re atment of cells with A l a c a c 3 , A l m a l t 3 and lipophilic complex fo rms a morp h o l ogical modifi c at i o n k n own as ech i n o a c a n t h o cy t e s , o b s e rved also as in some neuro l ogical pat h o l ogies; A l m a l t 3 ( Fi g. 2D), n e u t ral hy d ro ly t ic a l ly stable and moderat e ly lipophilic fo rms another morp h o l ogical modifi c ation called ech i n o cytes. Fi n a l ly, A l L a c 3 , hy d ro ly t i c a l ly " m e t a s t abl e " and hy d rophilic does not produce morp h o l ogical modifi c ations has observed in fi g u re 2B.
The neuroblastoma model
Tox i c o l ogical studies on aluminu m , utilizing cell culture s , a re now increasing with respect to the ex p e ri m e n t ation i n v ivo. Murine neuro blastoma cells (N2A) rep resents an interesting model for the aluminum neuro t ox i c o l ogy. A l a c a c 3 a n d A l m a l t 3 ( Figs. 3C and D) a re highly toxic in the ra n ge of c o n c e n t ration between 0.1 -1.0 mM. Moderat e ly tox i c ap p e a rs to be their ligand but at higher concentrations. On the contra ry, A l L a c 3 ( Fi g. 3B) in the ra n ge between 0.1 and 1.0 mM results to be scars e ly toxic on N2A after 48 hr of t re atment. In add i t i o n , A l L a c 3 is stro n gy neuri t ogenic in that it has been observed in fi g u re 3B.
The Blood-brain barrier model
In mammals the neuronal env i ronment is controlled by the reg u l ated ex ch a n ge of solute across the bl o o d -b rain barri e r (BBB). Al(III) administered systemically in ex p e ri m e n t a l animals has been shown to accumu l ate in the cereb roendothelial cells surfa c e. Al(III) might not only thus affe c t the BBB perm e ability in terms of free diffusion through the endothelial cell membra n e s , but it may selective ly alter the s at u rable tra n s p o rt system [4] . In our lab o rat o ry, it has been d e m o n s t rated that Al(III) can modify the rat BBB perm eability in a metal speciat i o n -d ependent fashion [5] . In fa c t , while A l m a l t 3 m o d i fies the BBB perm e ability tra n s i e n t ly, A l a c a c 3 p roduces a permanent modifi c ation and A l L a c 3 results to be uneffe c t ive (Fi g. 4).
An analytical approach to the speciation in biological samples
G rowing interest concerning the bioava i l ability and tox i c i t y of Al(III) resulted in the development of nu m e rous analy t ical techniques to the study of Al(III) speciation. The techniques most fre q u e n t ly used such as spectro p h o t o m e t ry, i o nex ch a n ge and ch e l ation ion-ex ch a n ge ch ro m at ograp hy e n able determ i n ation of the sum of positive ly ch a rge d m o n o m e ric Al(III) species. In recent ye a rs inve s t i gat i o n s we re directed to the development of analytical methods fo r the simultaneous determ i n ation of diffe rent Al species by single pro c e d u re. Among the va rious ch ro m at ographic techniques ap p l i e d, o n ly a cat i o n -ex ch a n ge FPLC-ICP [6] 4 -a re presumed to be the most active species in terms of Al bioava i l ab i l i t y, at p hy s i o l ogical pH, and its tra n s p o rt through cell membra n e [7] . Due to its biological import a n c e, the distri bution of A lc i t rate in biological samples was fre q u e n t ly inve s t i gated by computer simu l ation studies. On the basis of known therm o dynamic equilibrium constants, a l u m i num speciation wa s c a l c u l ated in blood plasma and in the ga s t rointestinal tra c t [8] . Th e re have been many ex p e rimental studies perfo rm e d on the binding of aluminum to serum constituents ap p ly i n g m i c ro u l t ra fi t rat i o n , va rious ch ro m at ographic techniques and gel electro p h o resis. The rep o rted data indicated that tra n sfe rrin is the main high molecular weight aluminum complex [ 9 ] , while A l -c i t rate was presumed to be the pre d o m i n a n t l ow molecular weight serum species. Speciation of A l -c i t rat e was inve s t i gated employing va rious ch ro m at ographic techniques. The species was identifi e d, but the re c ove ries for A lc i t rate we re moderate and the methods we re not suitable fo r q u a n t i t ation of A l -c i t rate in biological samples. Bantan et al. [ 1 0 ] p e r fo rmed a systematic study on the quantitat ive determ i n ation of A l -c i t rate and some other negat ive ly ch a rged low molecular weight aluminum complexes by FPLC sep a rat i o n of Mono Q HR 5/5 strong anion-ex ch a n ge column with ICP-AES detection, using NaNO 3 as eluent. The pro c e d u re deve loped enables quantitat ive determ i n ation of A l -c i t rate over a wide pH ra n ge (from 3.5 to 11.0). At pH values higher than 8 . 0 , A l ( O H ) 4 -can be identifi e d, but quantitat ive ly determ i n e d o n ly at pH 11.0. Development of re l i able and quantitat ive a n a lytical methods for speciation of A l ( O H ) 4 -at phy s i o l ogical pH values is still under development. The ap p l i c ab i l i t y of the ab ove techniques for speciation of A l -c i t rate in the m a j o rity of biological samples was limited due to its t at ive sep a ration of A l -c i t rate on a Mono Q HR 5/5 stro n g a n i o n -ex ch a n ge FPLC column and re l i abel determ i n ation of s ep a rated species by ETAAS is of critical import a n c e. Aqueous -4 mol dm -3 N H 4 N O 3 gradient elution was fo u n d to sep a rate quantitat ive ly A l -c i t rate on the column in the ra n ge 3.5 to 8.0. The main adva n t age of NH 4 N O 3 lies in its ability to decompose quantitat ive ly in the graphite tube during the ashing step , e n abling quantitat ive and ve ry rep rod u c i ble determ i n ations of sep a rated Al species by ETA A S. A detection limit of 2 ng A l -c i t rate cm -3 was obtained, a n d the techniques developed applied for the quantitat ive speciation of A l -c i t rate in spiked human serum samples. A typical ch ro m at ogram for A l -c i t rate at pH 7.4, s ep a rated on an FPLC Mono Q HR 5/5 anion-ex ch a n ge column with ETA A S detectionis presented in the fi g u re 5. It is evident that negat ive ly ch a rged A l -c i t rate species are quantitat ive ly eluted at this pH between 4.5 and 5.5 min with a maximum peak at a retention time of 4.5 min.
Conclusions
Molecular bases of Al(III) toxicity are far to be completely u n d e rs t o o d. Among many ex p e rimental ap p ro a ches cellular models appear to be suitable candidates for a better understanding of the peculiarity of the biological effects towa rd the metal speciation. The study of the interaction betwe e n Al(III) and biological systems, in our view, is just at the b egi n n i n g, and more interd i s c i p l i n a ry wo rk is necessary to shed light on the aluminum connection with human neuro p at h o l ogies such as for instance A l z h e i m e r 's disease, Pa rkinsons disease and others. It is rather clear that the individual susceptibility for aluminum toxicity is a key eve n t ( genetic phenotype) on the predisposition to accumu l ate the metal ion in terms of blood bra i n -b a rrier vulnerab i l i t y, m e mb rane phospholipis dismetabolism etc. , d u ring the life span, in re l ation to diffe rent env i ronmental possibility to acquire the metal ion from diffe rent sources and ex t e rnal env i ro nm e n t , food and pharmaceutical pro d u c t s , e t c. uptake.
